A new adopted evolutionary algorithm is presented in this paper to solve the non-smooth, non-convex and non-linear multi-area economic dispatch (MAED). MAED includes some areas which contains its own power generation and loads. By transmitting the power from the area with lower cost to the area with higher cost, the total cost function can be minimized greatly. The tie line capacity, multi-fuel generator and the prohibited operating zones are satisfied in this study. In addition, a new algorithm based on electro search optimization algorithm (ESOA) is proposed to solve the MAED optimization problem with considering all the constraints. In ESOA algorithm all probable moving states for individuals to get away from or move towards the worst or best solution needs to be considered. To evaluate the performance of the ESOA algorithm, the algorithm is applied to both the original economic dispatch with 40 generator systems and the multi-area economic dispatch with 3 different systems such as: 6 generators in 2 areas; and 40 generators in 4 areas. It can be concluded that, ESOA algorithm is more accurate and robust in comparison with other methods.
CONOMIC dispatch is highly concerned when optimization and power system are the topic of discussion. Allocating the required power among the committed generators and minimizing the cost function is the main aim of the economic dispatch. Moreover, it is demanded to satisfy all the physical and operational constraints at the mean-time [1] . E second order polynomial problem. However, for modeling the valve point loading effect a sinusoidal term should be added [2] . Based on the literature, the economic dispatch problem is solved by different mathematical technique such as Lambda Iteration [3] , Gradient Method [4] and linear programming [5] . However, using mathematical methods are not so suitable because of the discontinuity and nonlinearity of the fuel cost which is resulted from the valve point effect [6] . Although in some researches, dynamic programming was utilized for economic dispatch [2] , this method is not recommended due to the curse of dimensionality [2] . Moreover, some metaheuristics methods such as genetic algorithm (GA) [7, 8] , particle swarm optimization (PSO) [9] [10] [11] , tabu search (TS) [12] , simulated annealing (SA) [13] , quasi-oppositional group search optimization (QOGSO) [14] , chaotic global best artificial bee colony (CGABC) [15] , Firefly algorithm (FA) [16] , continuous quick group search optimizer (CQGSO) [17] , fuzzy adaptive chaotic ant swarm optimization (FCASO) [18] , augmented Lagrange hopfield network (ALHN) [19] were employed. It should be noted that, some of the mentioned methods do not assure the best and optimal solution.
Multi area economic dispatch (MAED) is an extension of economic dispatch problem [1] . The economic dispatch problem needs to be solved in each area and power exchange among the areas needs be determined whereas all constraints are satisfied and the cost function is minimized at the meantime. Furthermore, the transmission tie line capacity should be highlighted as one of the most significant distinctive features constraint in MAED. MAED has also been solved by using some mathematical methods such as linear programming [20] , Dantzig-Wolfe decomposition principle [21] and decomposition approach using expert systems [22] . The mathematical problem will be more complex by increasing the problem's decision variables, the non-linearity because of the valve point effect, the discontinuity because of the prohibited operating zones and etc. Hence, some meta-heuristics methods such as particle swarm optimization (PSO) with Reserveconstrained multi-area environmental/economic dispatch [23] , a new nonlinear optimization neural network approach [24] , artificial bee colony optimization [25] , teaching-learning based optimization (TLBO) in [1] and chaotic global best artificial bee colony [15] are proposed.
In this study, a new modified electro search optimization algorithm (ESOA) is utilized for solving the MAED is proposed. ESOA is proposed in [21] in power system operation and planning in which individual trying to approaches the best solution and far from the worst solution to get the best solution. This algorithm is simple, but, by increasing the dimensions of the problem, the performance of the algorithm reduces and defining the optimal solution is not guaranteed. Therefore, by considering all the possible states (such as individuals motion towards the worst solution or the individuals get away from the best solution or others states). In addition, a mutation operator is considered to increase the speed on convergence. Finally, the proposed method is applied for the multi-area economic dispatch problem under different conditions. Meta-heuristics methods are one of the successful tool to solve problem which is used in many areas and fields [26] [27] [28] [29] .
II. Multi Area Economic Dispatch

A. Original Economic Dispatch
Economic dispatch is considered as one of the most important optimization problems in power system field. The main goal of this problem is to define the generation level so that minimizes the cost while all constrained are satisfied. In order to model the economic dispatch, a quadratic function is utilized. However, in the huge generators the valve point effect and prohibited operating zones can lead to non-linearity and non-convexity of the cost function. Thus, for modeling the huge generators, a sinusoidal term needs to be added to the cost function as the valve point effect:
Where,
Figure. 1 demonstrates the power generator fuel curve with and without the valve point effect. 
B. Multi-area Economic Dispatch
Multi area economic dispatch (MAED) is an advanced economic dispatch problem. The aim of MAED is to determine the power generation and the power transmission among all areas so that the cost function would be minimized while the load demand and constraints are still satisfied [30] [31] [32] [33] [34] [35] [36] . Mathematical modeling of multi area economic dispatch problem, decision variables, objective function and constraints are detailed in the following expression:
where r r r
In Some power plants multi types of fuel using as sources instead of one specific fuel for power generation. Thus, the coefficients of the cost function in each horizon are varied [15] . Therefore, by applying the valve point effect, prohibited operating zones and tie line capacity constraint, the multi-area economic dispatch lead to a complex, non-linear and nonconvex problem. Consequently, a robust and effective optimization method is required to solve the problem [1] .
C. Constraint 1. Power Generation Constraint
The power generation of each generator has a limitation as follows:
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Load Balancing Constraint
Power generators should provide the total load demand and the transmission network losses. Hence, in multi area, the load demand in each area represents as the following expression:
Li P is represented as the transmission network losses in the i th area as following [15] :
Prohibited Operating Zone Constraint
Because of some practical limitations which damages the plant or network instability, in some intervals each generator should not generate power. So, power generation in these intervals is prohibited. Fig (2) , demonstrates the fuel curve of the power generators with two prohibited operating zones.
In addition, equation (11) shows the prohibited operating zone constraint as follows: 
Tie Line Capacity Constraint
The transmission tie line capacity is one of the most important distinctive features constraint in MAED. Power exchange among areas should be between minimum and maximum capacity of the transmission line as follows:
III. ELECTRO SEARCH OPTIMIZATION ALGORITHM
In this paper, the Electro Search Optimization Algorithm (ESOA) is to overcome the nonlinearity of the problem. ESOA is a new meta-heuristic approach which is developed based on the theory of the electron movement around the nuclear atom. The main reason behind this approach is some significant advantages such as less mathematical calculation and no need to control parameters in comparison with other methods like particle swarm optimization (PSO), genetic algorithm (GA), simulated annealing (SA), hybrid PSO-GA algorithm (PGHA). ESOA is developed based on the following steps [24] : 1) Atom spreading phase In the phase, the candidate solutions are spread all around the search space randomly.
2) Orbital transition
Based on the quantized energy concept, electrons around each nucleus effort to move to the greater orbit to achieve higher energy level. 2 1 i i e = N +(2 rand-1)(1-) r, n [2, 5] n (13) The new electrons in the greater level of energy are considered as the best solution (ebest) and utilized atom relocating in the next step [37] [38] [39] [40] [41] .
3) Nucleus relocation
In nucleus relocation phase, the position of the new nucleus (Nnew) is related to the energy stages of the atoms. As the result, the nucleus relocation is defined as follows: (14) new ,k k k k N =N +Ac D r r r (15) This step is continued for all nucleus and repositions of all atoms to find the global optimum point. According to the above equations, the convergence speed of the algorithm is related to the Rydberg's energy constant (Re) and accelerator coefficient (Ac) coefficients. These numbers are selected randomly for the first iteration while they will be updated in the next iteration using the following step information.
4) Orbital-Tuner method
Orbital-Tuner technique is utilized to update the Rydberg's energy and accelerator coefficients. This technique is proposed according to the cumulative normal density function. Therefore, instead of the center of gravity between two candidates, the center of mass is calculated. Ac / f Ac ( Ac ) / f Ac (17) In the ESOA, the initial numbers have no influence on the efficiency of the algorithm. This is due to these coefficients are controlled by self-tuning technique.
IV. CASE STUDY AND RESULTS
In order to validate the effectiveness of the proposed algorithm, it is applied to two different cases as follows:
A
. Six generators in two area B. Forty generators in four areas
A) Six generators in two areas
The selected test system includes six generation units in two different areas. Each area includes three generation units, in which the total load demand is 1263 MW. The load demand of the first area is 758.7 MW (60%) and for the second area is 505.2 MW (40%). The optimization problem includes prohibited operating zone, losses and the valve point effect. The capacity of the transmission line between two areas is 100 MW. Table I demonstrates the superiority of the proposed algorithm in comparison with other well-known optimization algorithm such as genetic algorithm (GA), and teaching-learning based optimization (TLBO).
Convergence speed is one of the significant factor for the heuristic algorithm. Figure 3 demonstrates the high convergence speed of the proposed algorithm. Based on the Fig. 3 , the algorithm is optimized and reached the best answer in less than ten iterations.
A) Forty generators in four areas
This system includes forty generators in four areas. This system is very complicated due to many nonlinear and nonconvex parameters. Fig. 4 shows eleven independent run for system B. Figure 5 , compared the convergence curve EASO with GA as one of the well-known optimization algorithm. Based on the figure, GA algorithm is trapped in the local minimums, but EASO algorithm passed easily from the local minimums and reached the best solution.
One of the most important constraints in multi area economic dispatch problem is tie line capacity constraint. Fig 6, shows the iterative evolution of tie-line flows convergence in system B. According to the figure, the power transmission between areas converge very fast to the optimal value.
V. CONCLUSION
Multi area economic dispatch is an advance form of economic dispatch. In multi area economic dispatch, in addition to the commonly constraint, the transmission constrains such as tile line capacity should be satisfied as well. In this paper, a new modified and effective algorithm known as the electro search optimization algorithm is proposed. In order to evaluate the ability and effectiveness of the algorithm, it is applied to MAED with different complexity. The results proved the high efficiency, performance, accuracy and robustness of the algorithm. Indeed, ESOA algorithm is simpler with less mathematical calculation, high speed, no need any control parameters and simple implementation for both constraint and unconstrained optimization problems. Moreover, by increasing the dimension and complexity of the problem, the performance of the algorithm is same. 
